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ENGLISH TRANSLATIQN^^SPECIFICATION 

^ppm^imm^u APR 200? 

INTERNAL COMBUSTION ENGINE AND LINER INSTALLATION RINCT 
Technical Field of the Invention 

[0001] The present invention relates to an internal combustion engine which has a liner 
installation ring for forming a circular projection in a cylinder, and in particular, reduces 
oil consumption and prevents a cylinder liner from dropping off due to a pressure from 
the liner installation ring. 

Technological Background 

[0002] It Is known that the friction loss between a piston ring and a piston largely accounts 
for that of the whole internal combustion engine. In recent years, decrease in the 
friction loss has been strongly demanded in order to increase the fuel efficiency of the 
internal combustion engine. Reducing the tension of the piston ring can be a way to 
reduce the friction of the piston ring. Reduction in the tension of the piston ring, 
however, conflicts with oil consumption of the internal combustion engine. Thus, it has 
been required to realize measures for reducing the oil consumption and reducing the 
tension of the piston ring at the same time. 

[0003] Known internal combustion engines such as a diesel engine include an anti-polish 
ring (also called a protect ring or a fire ring) attached to an uppermost portion of a 
cylinder liner. The anti-polish ring scrapes off combustion products (carbon) piled on a 
top land portion of the piston (an external periphery between a piston head and an 
uppermost ring groove). Thus, it is possible to prevent lopsided abrasion (carbon 
polish abrasion) due to the contact between the carbon and the cylinder liner, and the 
ascent of oil into a combustion chamber. Therefore, the oil consumption is reduced 
(refer to patent document 1 ). 

[0004] In order to reduce oil consumption. Patent document 2 discloses a technology to 
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prevent the oil from being scattered into tlie combustion cliamber, in whicli the ring is 
provided above the piston head when the piston is in a top dead center to have the oil 
collide against the bottom face of the ring. 
[0005] The anti-polish ring, on the other hand, is mainly applied to a large-displacement 
engine such as the diesel engine in many cases. In the diesel engine, the anti-polish 
ring is fitted into a step portion that is formed in an uppermost portion of the inner 
periphery of the cylinder liner. The cylinder liner is fixed inside a cylinder of a cylinder 
block by being latched on an upper side. Therefore, if the anti-polish ring is pressed 
and clamped together from upward by a cylinder head, the cylinder liner does not drop 
off downwardly. 

[0006] Patent document 1 : Japanese Unexamined Patent Application Publication No. He! 
11-294255 

[0007] Patent document 2: Japanese Unexamined Patent Application Publication No. Hei 8-^ 
338301 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0008] Publicly known documents such as patent document 1 has not considered the 
amount of protrusion of the anti-polish ring from the inner periphery of the cylinder 
liner, the shape of the anti-polish ring to reduce the oil consumption, and the like. 
When the amount of protrusion of the anti-polish ring is reduced, however, clearance 
between the anti-polish ring and the outer periphery of the piston is increased. Thus, 
the amount of the oil ascending into the combustion chamber is increased, so that the 
effect of restraining the oil consumption cannot be desired. When the amount of 
protrusion of the anti-polish ring is too large, on the other hand, the following problems 
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[0009] (1) To increase the amount of protrusion of tlie anti-polisli ring, it is necessary to 
reduce the diameter of the top land portion of the piston. In this case, the volume 
between a small diameter portion of the top land portion and the inner periphery of the 
cylinder liner (dead volume) during the descent of the piston becomes large. Thus, a 
compression ratio significantly varies in this section of the dead volume during the 
descent of the piston. Therefore, problems such as reduction in output due to the 
abrupt decrease of combustion pressure, increase in hydrocarbon, and the like can 
occur. 

[0010] (2) An intake and exhaust valve on the side of the combustion chamber is generally 
designed so as to avoid the anti-polish ring. Accordingly, when the amount of 
protrusion of the anti-polish ring is increased, the diameter of the valve is reduced in 
inverse proportion, and hence the intake and exhaust efficiency becomes worse. 

[0011] (3) When the amount of protrusion of the anti-polish ring is increased, it is 
necessary to also increase the thickness of the anti-polish ring. In this case, however, 
dimensional deformation in accordance with thermal expansion is also increased. 
Therefore, it becomes difficult to control the piston clearance. 

[0012] In a structure according to the patent document 2, since the ring is positioned 
above the top dead center of the piston, the volume of the combustion chamber is 
increased, and hence variation in the compression ratio reduces the output. Ring 
grooves are positioned below the top end of the cylinder, so that it is difficult to insert 
the piston in assembly. Furthermore, there are problems that the oil and fuel tend to 
accumulate in a side clearance portion of the ring, carbon generates with increase in 
temperature in the vicinity of the top dead center, and the like. Thus, there is a 
problem of practicality. 

[0013] It is also possible to apply a ring that has the same function as the anti-polish ring 
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to a gasoline engine. A cylinder liner of the gasoline engine is pounded into a cylinder 
without being latched on an upper side of the cylinder. Accordingly, in the case of the 
gasoline engine, if the ring having the same diameter as the external diameter of the 
cylinder liner is disposed on an upper side and is clamped together by a cylinder head, 
there is a possibility that the cylinder liner is pressed by the ring to drop off from the 
cylinder liner. 

[0014] The present invention aims to solve the problems associated with the foregoing 
conventional techniques. An object of the present invention is to further reduce the 
amount of oil ascending into a combustion chamber in an internal combustion engine 
that has a liner installation ring for forming a circular projection in a cylinder. 

[0015] Another object of the present invention is to prevent a cylinder liner from dropping 
off during the fixation of the liner installation ring. 

Means to Solve the Problems 

[0016] An internal combustion engine according to a first invention includes: a cylinder 
block having one or more cylinders; a tubular cylinder liner disposed inside the cylinder; 
a piston reciprocating inside the cylinder liner; and a liner installation ring. The outer 
periphery of the piston between a piston head and an uppermost ring groove forms a 
top land portion. The liner installation ring is disposed in the cylinder block or the 
cylinder liner in such a manner as to form a circular step portion inside the cylinder that 
protrudes toward the inner periphery of the cylinder liner. The bottom face of the liner 
installation ring face to an uppermost portion of the cylinder liner. The liner installation 
ring is disposed at a position in accordance with a top end position of the top land 
portion when the piston reaches a top dead center. A length of protrusion of the liner 
installation ring from the inner periphery of the cylinder liner in an inward direction is 



ij.it set to be from 0.05 mm or more to .0,5 mm or less. . 
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[0017] According to the first invention, since the annount of protrusion of the' liner 
installation ring is set to 0.05 mm or more, the liner installation ring can prevent oil 
from ascending into a combustion chamber. Meanwhile, the liner installation ring is 
disposed in accordance with the top end position of the piston top land portion when 
the piston reaches the top dead center, and the amount of protrusion of the liner 
Installation ring is set to 0.5 mm or less. Thus, it is possible to suppress a harmful 
effect to a minimum due to an increase in the amount of protrusion of the liner 
installation ring. 

[0018] A second invention is characterized in that according to the first invention a circular 
projection is formed on the bottom face of the liner installation ring in an inner 
peripheral end thereof, and a groove portion is formed below the circular step portion, 
sandwiched between the inner periphery of the cylinder liner and the projection. This 
structure allows the oil raised during the ascent of the piston to escape into the 
foregoing groove portion, so that it is possible to further suppress the ascent of the oil 
into the combustion chamber. 

[0019] A third invention is characterized in that according to the foregoing second 
invention the projection has a tapered shape that downwardly inclines to the inside of 
the cylinder from a crosspoint of the bottom face of the liner installation ring and the 
inner periphery of the cylinder liner, and an angle that the tapered surface of the 
projection forms with the inner periphery of the cylinder liner is in a range of 45 degrees 
to 60 degrees. This enables a further reduction in the ascent of the oil into the 
combustion chamber. 

[0020] A fourth invention is characterized in that in the foregoing first invention a circular 
notch is formed on an internal diameter side of a contact face of the cylinder block or 
, the,cylinder liner with the liner installation ring, and a groove portion is formed belqw..^ 
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the circular step portion, sandwiched between the bottom face of the liner installation 
ring and the notch. This structure enables the oil raised during the ascent of the piston 
to escape into the foregoing groove portion, so that it is possible to further reduce the 
ascent of the oil into the combustion chamber. 
[0021] A fifth invention is characterized in that according to the foregoing fourth invention 
the notch is formed in a tapered shape, downwardly inclining from the contact face with 
the liner installation ring to the internal diameter side, and an angle that the bottom face 
of the liner installation ring forms with the tapered surface of the notch is in a range of 
45 degree to 60 degree. This can further suppress the ascent of the oil into the 
combustion chamber. 

[0022] A sixth invention is characterized in that according to any of the foregoing first to 
fifth inventions, the external diameter of the liner installation ring is set to be larger than 
that of an uppermost portion of the cylinder liner, and a latch step portion is formed in 
the upper portion of the cylinder of the cylinder block and latches the liner installation 
ring to restrain its downward movement. This structure can restrain the downward 
movement of the liner installation ring. 

[0023] A seventh invention is characterized in that according to the foregoing sixth 
invention, the uppermost portion of the cylinder liner is positioned above the uppermost 
ring groove when the piston reaches the top dead center, and it is disposed below the 
latch step portion with a distance. In this structure, the cylinder liner is not pressed by 
the liner installation ring. 

[0024] An eighth invention is characterized in that according to any of the foregoing first 
to seventh inventions the linear installation ring has open parts at a position in a 
peripheral direction which face to each other with a predetermined distance, in order to 
fix the linear installation ring on the cylinder, block or the cylinder liner by. tension of the:: 
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open parts separating from each other. 

[0025] A ninth invention is characterized in that according to any of the foregoing first to 
eighth inventions, a ring-side circular groove is formed in the inner periphery of the 
liner installation ring in the peripheral direction of the ring. By this structure, the oil 
raised during the ascent of the piston can escape into the ring-side circular groove, 
thereby suppressing the ascent of the oil into the combustion chamber. 

[0026] A tenth invention is characterized in that according to any of the foregoing first to 
ninth inventions, a piston-side circular groove is formed in the top land portion of the 
piston in the peripheral direction of the piston. According to this structure, the oil 
raised during the ascent of the piston escapes into the piston-side circular groove, 
thereby suppressing the ascent of the oil into the combustion chamber. 

[0027] An eleventh invention is characterized in that according to any of the foregoing first 
to eighth inventions, a ring-side circular groove is formed in the inner periphery of the 
liner installation ring in the peripheral direction of the ring, and a piston-side circular 
groove is formed in the top land portion of the piston in the peripheral direction of the 
piston in such a position to face to the ring-side circular groove when the piston reaches 
the top dead center. According to this structure, the oil escapes into the ring-side 
circular groove and the piston-side circular groove, so that it is possible to suppress the 
ascent of the oil into the combustion chamber. Especially, when the piston is in the 
vicinity of the top dead center, the ring-side circular groove face to the piston-side 
circular groove, which increases a trapping effect of changing a destination of a flow of 
gas from the combustion chamber to a crank chamber. 

[0028] A twelfth invention is characterized in that according to any of the foregoing first to 
eleventh inventions, a piston-side circular groove is also formed in a second land 

i - portion -in the -peripheral direction of the pistonr The> second land portion is positioned 
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below the top land portion of the piston and the uppermost ring groove. According to 
this structure, the oil raised during the ascent of the piston escapes into the piston-side 
circular groove, thereby suppressing the ascent of the oil into the combustion chamber, 
[0029] A thirteenth invention is characterized in that according to any of the foregoing 
ninth to twelfth inventions, a longitudinal section of at least one of the ring-side circular 
groove and the piston-side circular groove is V-shaped such that the top face thereof is 
horizontal or upwardly inclines to the bottom of the groove, and the bottom face thereof 
is tapered in such a manner that it goes away from the bottom of the groove as it goes 
downward. According to this structure, it is easy to get out the oil to the foregoing 
circular groove, increasing the trapping effect of changing the destination of the flow of 
gas from the combustion chamber to the crank chamber and thereby further 
suppressing the ascent of the oil into the combustion chamber. The piston-side 
circular groove according to the thirteenth invention includes both of the piston-side 
circular grooves formed in the top land portion and the second land portion of the 
piston. 

[0030] A fourteenth invention relates to a liner installation ring to be applied to an internal 
combustion engine that includes a cylinder block having one or more cylinders with a 
latch step portion in its/their upper portion(s) and a tubular cylinder liner disposed in 
the cylinder. The liner installation ring is disposed in the latch step portion with its 
bottom face facing to an uppermost portion of the cylinder liner. When the liner 
installation ring is disposed, an inner peripheral end of the ring inwardly protrudes from 
the inner periphery of the cylinder liner to the cylinder to form a circular step portion 
inside the cylinder. A length from a position of the inner periphery of the cylinder liner 
when the liner installation ring is disposed to the inner peripheral end of the disposed 
ring.i§ set to be in a range pf i0;05.mm to 0.5 mm. - * . . , > * 
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[00311 A fifteenth invention is characterized in that according to the foregoing fourteenth 
invention, a circular projection is provided in the bottom face along the inner peripheral 
end of the ring, the projection is formed in a tapered shape such that it downwardly 
inclines toward the inner periphery of the ring from a position of the inner periphery of 
the cylinder liner when the ring is disposed, and an angle that the tapered surface of the 
projection forms with the inner periphery of the cylinder liner is in a range of 45 degrees 
to 60 degrees. 

[0032] A sixteenth invention is characterized in that according to the foregoing fourteenth 
or fifteenth invention the linear installation ring has open parts at a position in a 
peripheral direction of the ring, the open parts facing to each other with a 
predetermined distance. 

[0033] A seventeenth invention is characterized in that according to the foregoing 
fourteenth or fifteenth invention, the liner installation ring has a ring-side circular 
groove in the inner periphery in a peripheral direction of the ring. 

[0034] An eighteenth invention is characterized in that according to the foregoing 
seventeenth invention, a longitudinal section of the ring-side circular groove is V- 
shaped such that the top face of the ring-side circular groove is horizontal or upwardly 
. inclines to the bottom of the groove, and the bottom face thereof is tapered in such a 
manner that it goes away from the bottom of the groove as it goes downward. 

Advantageous effect of the invention 

[0035] According to the present invention, the liner installation ring can suppress the 
ascent of the oil into the combustion chamber. In particular, with the groove portion 
formed below the circular step portion formed by the liner installation ring, or with the 
ring-side circular groove facing to the piston-side circular groove, the suppression 
effect will be more remarkable- _r.--v«'^. o^ : * . 
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[0036] According to the present invention, tlie liner installation ring is fixed on the latch 
step portion and does not press the cylinder liner. Thus, the cylinder liner will not drop 
off if a cylinder head clamps the liner installation ring together with the cylinder block- 
Brief Description of the Drawings 

[0037] [Fig. 1] a longitudinal sectional view of a cylinder section of an internal 

combustion engine according to a first embodiment; 
[0038] [Fig. 2] a partial enlarged view of Fig. 1 ; 

[0039] [Fig. 3] a graph showing experiment results about the relation between the 
amount of protrusion of a liner installation ring and oil consumption; 

[0040] [Fig. 4] a graph showing experiment results about an angle of a groove portion in 
the bottom face of the liner installation ring and oil consumption; 

[0041] [Fig. 5] a plan view showing an open part of the liner installation ring; 

[0042] [Fig/ 6] a longitudinal sectional view of a cylinder section of an internal 
combustion engine according to a second embodiment; 

[0043] [Fig. 7] a partial enlarged view of Fig. 6; 

[0044] [Fig. 8] a longitudinal sectional view of a cylinder section of an internal 

combustion engine according to a third embodiment; 
[0045] [Fig. 9] a longitudinal sectional view of a cylinder section of an internal 

combustion engine according to a fourth embodiment; 
[0046] [Fig. 10] a graph showing experiment results related to oil consumption of the 

internal combustion engine according to the fourth embodiment; 
[0047] [Fig. 11] a diagram showing the structure of an internal combustion engine 

according to a modification example of the fourth embodiment; and 
[0048] [Fig. 12] a diagram showing the structure of an internal combustion engine 

according to another modification example of the- fourth embodiment. 
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Best Mode for Carrying Out the Invention 

[0049] Embodiments of the present invention will be hereinafter described in detail with 

reference to the drawings. 
[0050] (The structure of a first embodiment) 

[0051] Figs. 1 and 2 are longitudinal sectional views of a cylinder section of an internal 
combustion engine according to a first embodiment. Briefly describing the whole 
structure of the internal combustion engine according to the first embodiment, a tubular 
cylinder liner 2 is fitted into a cylinder formed in a cylinder block 1 . Inside the cylinder 
liner 2, a piston 3 reciprocating in the axial direction of the cylinder liner 2 is disposed. 
The piston 3 is coupled to a crank shaft (not illustrated) through a connecting rod 4. 
The reciprocating motion of the piston 3 is converted into the rotational motion of the 
crank shaft. A cylinder head 5 is fixed on the top of the cylinder block 1 with stud bolts 
(not illustrated). A closed space surrounded by the cylinder liner 2, the piston 3, and 
the cylinder head 5 composes a combustion chamber 6. 

[0052] A plurality of ring grooves is formed in the outer periphery of the piston 3. The 
outer periphery of the piston 3 that is vertically partitioned by each ring groove is called 
a land. Piston rings 7 (compression ring and oil ring) are fitted into these ring grooves. 
An upper end portion of the outer periphery (a top land portion 8) that is sandwiched 
between a piston head and the uppermost ring groove, and the piston head are 
processed so as to have slightly little diameters than the lower side of the piston 3. 
Thus, the upper end portion of the top land portion 8 and the piston head do not 
interfere with an internal diameter portion of a liner installation ring 9 described later. 

[0053] In the internal combustion engine according to the first embodiment, an upper end 
portion of the cylinder in the cylinder block 1 is notched concentrically with the cylinder 
to form a latch step portion. lOs- The liner installation iring.=9 is disposed in the latch. 
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step portion 10. The position where the liner installation ring 9 is disposed 
corresponds to the position of the upper end of the top land portion 8 when the piston 
3 reaches a top dead center. In the first embodiment, an uppermost portion of the 
cylinder liner 2 is positioned at the height of the latch step portion 1 0. The bottom face 
of the liner installation ring 9 oppositely makes contact with the uppermost portion of 
the cylinder liner 2. 

[0054] The external diameter of the liner installation ring 9 is equal to or larger than the 
external diameter of the uppermost portion of the cylinder liner 2. Thus, when the 
cylinder head 5 clamps the liner installation ring 9 together with the cylinder block, the 
latch step portion 10 restrains the downward movement of the liner installation ring 9. 
Therefore, the liner installation ring 9 does not press the cylinder liner 2 to drop off. 

[0055] The internal diameter of the liner installation ring 9, on the other hand, is set 
smaller than the internal diameter of the uppermost portion of the cylinder liner 2. 
Thus, the inner periphery of the liner installation ring 9 protrudes from the inner 
periphery of the cylinder liner 2 toward the inside of the cylinder. This protruding 
portion forms a circular step portion inside the cylinder. 

[0056] The length of protrusion (the amount of protrusion) of the liner installation ring 9 
from the inner periphery of the cylinder liner 2 in an inward direction is set in a range of 
from 0.05 mm to 0.5 mm. The amount of protrusion of the liner installation ring 9 is 
set to 0.05 mm or more because oil consumption abruptly increases due to the ascent 
of oil to the combustion chamber 6 when the amount of protrusion is less than 0.05 mm. 
The amount of protrusion is set to 0.5 mm or less because protrusion of 0.5 mm or 
more cause large harmful effects such as decrease in intake and exhaust efficiency due 
to variation in a compression ratio by increase in dead volume and to reduction in the 
* diameter of .an intake and exhaust valve.^or. difficult piston. -clearance, control. With the 
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amount of protrusion in tlie range of from 0.05 mm to 0.5 mm, it is expectable of 
practically sufficient effect of suppressing the ascent of the oil. It is more preferable 
that the amount of protrusion be in the range of from 0.1 mm to 0.4 mm. 

[0057] Fig. 3 shows experiment results about the relation between the amount of 
protrusion of the liner installation ring and the oil consumption. A water-cooled four- 
cylinder 1 .8L gasoline engine was used in the experiment. After the latch step portion 
was processed in the cylinder block made of aluminum, the cast-iron liner installation 
ring was disposed in the latch step portion by transition fit, and the oil consumption per 
hour was measured. Measurements were carried out for five different protrusions of 
the liner installation ring, that is, 0.03 mm, 0.05 mm, 0.1 mm, 0.3 mm, and 0.5 mm. 
In this experiment, a projection was not formed in the bottom face of the liner 
installation ring. The other conditions are shown in the table 1 . 

[0058] Uablel] 



SAMPLE ENGINE 


WATER-COOLED FOUR-CYLINDER 1 .8L ENGINE 


VISCOSITY OF OIL 


5W-20, SJ GRADE 


TEMPERATURE OF OIL 


90°C 


NUMBER OF REVOLUTIONS 


eOOOrpm 



[0059] As shown in Fig. 3, when the amount of protrusion of the liner installation ring is 
0.03 mm, the oil consumption per hour is 35g or more. In the range of from 0.05 mm 
to 0.5 mm, on the other hand, the oil consumption Is reduced from approximately 1 5g 
to 25g or less. It is assumed that the oil consumption is further reduced with increase 
in the amount of protrusion, but increase in the dead volume and the like also makes a 
larger effect. Thus, the substantial upper limit of the amount of protrusion is 0.5 mm 
or less. 

[0060] A circular projection 1 1 is formed in the bottom face of the liner installation ring 9 
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according to the first embodiment along an inner peripheral end of the liner installation 
ring 9. The projection 1 1 is downwardly tapered from the corresponding position of 
the inner periphery of the cylinder liner 2 in the inward direction of the cylinder. When 
the liner installation ring 9 is disposed in the latch step portion 1 0, a groove portion 
sandwiched between the inner periphery of the cylinder liner 2 and the projection 1 1 of 
the liner installation ring 9 is downwardly formed under a circular step portion by the 
liner installation ring 9. The groove portion under the circular step portion is formed in 
the shape of a triangle in cross section. An angle which the tapered surface of the 
projection 1 1 forms with the inner periphery of the cylinder liner (the angle of the 
groove portion) is set in a range of from 45 degrees to 60 degrees. 

[0061] Fig. 4 shows experiment results about the relation between the angle of the groove 
portion in the bottom face of the liner installation ring and the oil consumption. In the 
foregoing experimental equipment on the amount of protrusion of the liner installation 
ring, the angle of the projection was varied in the liner installation ring the protruding 
amount of which was 0.3 mm. The oil consumption per hour was measured in each 
angle in this experiment. Measurements were carried out on the four angles of the 
groove portion, that is, 45 degrees, 60 degrees, 90 degrees (a case where there is no 
projection), and 1 20 degrees (a case where the bottom face of the liner installation ring 
forms an upward tapered surface). 

[0062] As shown in Fig. 4, when the projection is formed in the bottom face of the liner 
installation ring and the groove portion of 60 degrees or less is provided, the oil 
consumption is desirably reduced (approximately 10 g/h) by one-half of that in the case 
without the projection (approximately 20 g/h). When the bottom face of the ring forms 
the upward tapered surface, the oil consumption is increased (approximately 30g/h). 

i[.0Q63] - When the angle of the groove portion is set smaller than 45 degrees, thefCirculation? 
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of the oil becomes worse, because the volume of the groove portion is reduced. There 
is a possibility that carbon tends to accumulate in the groove portion. Thus, in this 
case, it is assumed that an effect is reduced with time, so that it is preferable that the 
angle of the groove portion be set at 45 degrees or more. 

[0064] In the first embodiment, as shown in Fig. 5, open parts 14 may be formed in one 
position of the liner installation ring 9 in the peripheral direction of the ring. The open 
parts 14 of the liner installation ring 9 face to each other at a predetermined distance. 
In this case, as shown by broken lines in Fig. 5, the liner installation ring 9 is fixed in 
such a manner as to be pressed against the outer periphery of the latch step portion 1 0, 
by the tension of the open parts 14 separating from each other. Therefore, it is 
possible to facilitate an assembly operation and a disassembly operation. 

[0065] It is preferable that the liner installation ring 9 be made of a material the thermal 
expansion coefficient of which is larger than that of a material of the cylinder block 1 (or 
the cylinder liner 2), though it is not especially limited. In such a case, the liner 
installation ring 9 is tightly fixed on the latch step portion 1 0 by thermal expansion, so 
that it is possible to prevent fretting wear due to a wobble in the liner installation ring 9. 
At normal temperature, on the other hand, a relatively large clearance is formed 
between the external diameter of the liner installation ring 9 and the internal diameter 
of the latch step portion 1 0, so that it is possible to ease an assembly operation and a 
disassembly operation. To be more specific, a combination of an FC liner and an 
aluminum liner installation ring is preferable, because the thermal expansion coefficient 
of the ring is approximately twice as large as that of a material of the cylinder. As a 
matter of course, the foregoing combination is Just an example, and a combination is 
not limited thereto. 

[0066] ..(Theifunction of the first embodiment) I .... v , i . ^- ' ^\ 
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[0067] The internal combustion engine according to tlie first embodiment is structured as 
described above. The function of the internal combustion engine will be hereinafter 
described. 

[0068] First, in the internal combustion engine according to the first embodiment, the oil 
is stored in a space defined by the cylinder liner 2, the top land portion 8 of the piston 3, 
and the uppermost piston ring 7 during operation. The position of the space, in which 
the oil is stored, moves upward and downward with the reciprocating motion of the 
piston 3. When the piston 3 reaches the top dead center, an upward inertial force 
acting on the oil becomes largest. 

[0069] In the first embodiment, the liner installation ring 9 protrudes toward the inner 
periphery of the cylinder liner 2, while it is disposed in such a position as to correspond 
to the upper end position of the top land portion 8 at the piston top dead center. Thus, 
the oil upwardly raised by the piston ring 7 collides against the bottom face of the 
circular step portion of the liner installation ring 9. Therefore, since the oil is prevented 
from being raised into the combustion chamber 6, it is possible to prevent the scattering 
of the oil into the combustion chamber 6. 

[0070] Particularly in the first embodiment, the groove portion in the shape of the triangle 
in cross section is downwardly formed by the projection 11 in the bottom face of the 
circular step portion. Thus, since the oil raised by the piston ring 7 is blocked by the 
tapered shaped projection 1 1 , the oil is likely to be accumulated in the groove portion. 
Accordingly, the amount of the oil raised into the combustion chamber 6 is reduced. 
Incidentally, the oil in the groove portion returns downward by gravity. 

[0071] In the internal combustion engine according to the first embodiment, the bottom 
face of the liner installation ring 9 makes contact with the uppermost portion of the 
cylinder liner 2-^ v?'The downward movement. of the liner installation ring 9, however, is 
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restrained by the latch step portion 10. Accordingly, when the liner installation ring 9 
is clamped by the cylinder head 5 together with the cylinder block, the liner installation 
ring 9 does not press the cylinder liner 2 to drop off. 
[0072] (The structure and function of a second embodiment) 

[0073] Figs. 6 and 7 are longitudinal sectional views of a cylinder section of an internal 
combustion engine according to a second embodiment. In the following embodiment, 
the same reference numbers as those of the first embodiment refer to the same 
structure as the first embodiment, and description thereof will be omitted. Only 
differences with the first embodiment will be described. 

[0074] In the second embodiment, a groove portion is formed by processing a cylinder 
liner 2, instead of providing a projection in a liner installation ring 9. In the second 
embodiment, an internal diameter portion of an uppermost portion of the cylinder liner 
2 is cut into a tapered shape, which is downwardly inclined from the uppermost portion 
of the cylinder liner 2 (contact surface with the liner installation ring 9) toward an 
internal diameter side, to form a circular notch 12. 

[0075] When the internal combustion engine is assembled, a groove portion in the shape 
of a triangle in cross section is formed between the tapered surface of the notch 12 and 
the bottom face of the liner installation ring 9. It is preferable that an angle which the 
bottom face of the liner installation ring 9 forms with the tapered surface of the notch 
1 2 (an angle of the groove portion) be set in a range of from 45 degrees to 60 degrees. 

[0076] The function of the second embodiment will be described. Since oil raised by a 
piston ring 7 collides against the bottom face of a circular step portion formed by the 
liner installation ring 9, the oil is blocked from being raised into a combustion chamber. 
Part of the oil is accumulated in the groove portion and escapes, so that the amount of 
^ oil raised into the combustion chamber is reduced. Incidentally, the oil accumulated in 



STLDOl -1226093-1 




the groove goes down, guided by the tapered surface of the notch 12. Therefore, the 
structure of the second embodiment can provide approximately the same effects as the 
first embodiment. 
[0077J (The structure and function of a third embodiment) 

[0078] Fig. 8 is a longitudinal sectional view of a cylinder section of an internal combustion 
engine according to a third embodiment. The third embodiment has such a structure 
that the bottom face of a liner installation ring 9 is apart from an uppermost portion of a 
cylinder liner 2. In other words, the bottom face of the liner installation ring 9 only 
makes contact with a latch step portion 10 of a cylinder block 1. The uppermost 
portion of the cylinder liner 2 is disposed downward beyond a projection 1 3 of the 
cylinder block 1 . The projection 1 3 of the cylinder block 1 projects to the position of 
the inner periphery of the cylinder liner 2. The cylinder liner 2 according to the third 
. embodiment is so disposed that the uppermost portion of the cylinder liner 2 is 
positioned above an uppermost ring groove of a piston in a top dead center. 

[0079] The function of the third embodiment will be described. When the liner 
installation ring 9 is clamped by a cylinder head 5 together with the cylinder block, the 
liner installation ring 9 is apart from the cylinder liner 2 at the projection 1 3 away. 
Thus, the cylinder liner does not drop off by being pressed. 

[0080] (The structure and function of a fourth embodiment) 

[0081] Fig. 9 is a longitudinal sectional view of a cylinder section of an internal combustion 
engine according to a fourth embodiment. 

[0082] In the fourth embodiment, a ring-side circular groove 1 5 is formed in the inner 
periphery of a liner installation ring 9 along the peripheral direction of the ring. In 
addition, a piston-side circular groove 1 6 is formed in a top land portion 8 of a piston 3 
along the iperipheral direction lof the. piston. The pistonr^side circcilar groove 16 is set - 
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to a position opposite to tlie ring-shaped circular groove 1 5 wlien the piston 3 reaches 
a top dead center. The ring-side circular groove 1 5 and the piston-side circular groove 
16 are in the shape of V in longitudinal cross section. The upper faces of the circular 
grooves are horizontally or upwardly inclined from the inner periphery of the ring to the 
bottoms of the grooves. The lower faces of the circular grooves are downwardly 
tapered with being apart and extended from the bottoms of the grooves. It is 
preferable that the inclination of the lower faces of the ring-side circular groove 1 5 and 
the piston-side circular groove 16 with respect to the axis of a piston be 1 5 to 45 
degrees, from the viewpoint of further increasing the effect of restraining the ascent of 
oil, and a trapping effect, which will be described later. 

[0083] In the fourth embodiment, the oil raised during the ascent of the piston escapes 
into the ring-side circular groove 1 5 and the piston-side circular groove 16, so that the 
oil is prevented from being raised into a combustion chamber. Both of the ring-side 
circular groove 1 5 and the piston-side circular groove 16 are in the shape of V in cross 
section, and both of them are opposite to each other when the piston 3 reaches the top 
dead center. Accordingly, when the piston 3 reaches the vicinity of the top dead center, 
the trapping effect by which an upward flow of gas heading for the combustion chamber 
is changed into a downward flow of gas heading for a crank chamber is increased. 
Thus, it is possible to further prevent the oil from being raised into the combustion 
chamber. The oil that escapes and accumulates in the grooves returns downward by 
being guided by the tapered surfaces of the circular grooves. 

[0084] As shown in Fig. 9B, the ring-side circular groove 1 5 and the piston-side circular 
groove 1 6 may be formed so as to be opposite to each other when the piston 3 reaches 
the top dead center, and a projection 1 1 may be formed in the bottom face of the liner 
- installation ring 9.> ^ this case, the synergistic effect of the, ring-side circular groove. 1 5'. 
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and the piston-side circular groove 16, and a groove portion sandwiched between the 
inner periphery of the cylinder liner 2 and the projection 1 1 of the liner installation ring 
9 can significantly reduce oil consumption. Thus, it becomes possible to reduce the 
tension of a piston ring, or reduce one of compression rings. 
[0085] Fig. 10 shows experiment results related to the oil consumption of the internal 
combustion engine according to the fourth embodiment. In an experiment, three types 
of combinations of the piston and the liner installation ring according the present 
invention were prepared in the foregoing experimental equipment according to the first 
embodiment. The oil consumption per hour was measured under conditions of 5000 
rpm, 5500 rpm, and 6000 rpm. Oil consumption in a case where the liner installation 
ring was not attached was measured as a comparative example, and the oil consumption 
was compared with measurement results according to the present invention. 
[0086] The experiment was carried out in the following three cases. (1) The : liner 
installation ring that has the projection in the bottom face is attached, and the ring-side 
circular groove 1 5 and the piston-side circular groove 1 6 are not formed [the first 
embodiment]. (2) The circular grooves 1 5 and 1 6 in the shape of V in cross section are 
formed in the piston and the liner installation ring, respectively [refer to Fig. 9A]. (3) 
The foregoing (1) and (2) are combined [refer to Fig. 9B]. The amount of protrusion of 
the liner installation ring is 0.3 mm in either case. In (1) and (3), an angle of the groove 
portion (an angle which the tapered surface of the projection 1 1 forms with the inner 
periphery of the cylinder liner) is set to 50 degrees. In (2) and (3), the upper faces of 
the piston-side and ring-side circular grooves 1 5 and 1 6 are horizontal, and the 
inclination of the lower faces with respect to the axis of the piston is 30 degrees. The 
depth of the grooves from the surface of the piston in a radial direction is 1 mm 
. V .(deepest portion), and the. height of the grooves* (the, width in the axial direction. of.:the* 
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piston) is 1 .5 mm. 

[0087] As shown in Fig, 10, tlie oil consumption in the case of (2) is approximately the 
same as the oil consumption in the case of (1), and the oil consumption is reduced by 
50% to 90% with respect to the comparative example. Therefore, it is possible to 
obtain approximately the same effect as the foregoing first embodiment by a structure, 
in which the circular grooves 1 5 and 16 in the shape of V in cross section are formed in 
the piston and the liner installation ring, respectively. 

[0088] When the foregoing (1) and (2) are combined, as in the case of (3), the oil 
consumption is reduced by 90% or more with respect to the comparative example, and 
is further reduced by approximately 70% with respect to each of the cases of (1) and (2). 
Therefore, it is possible to obtain the extremely large effect of restraining the oil 
consumption, when the circular grooves 1 5 and 1 6 in the shape of V in cross section are 
formed in the piston and the liner installation ring, respectively, and the groove portion 
is formed in the bottom face of the liner installation ring. Furthermore, the oil 
consumption significantly increases with increase in the number of revolutions in the 
comparative example of Fig. 1 0. In either of (1) to (3), however, the oil consumption is 
almost constant even if the number of revolutions is increased. Accordingly, it has 
turned out that the effect of restraining the oil consumption becomes significant 
particularly when the number of revolutions is high, in any case of the present invention. 

[0089] (Modification examples of the fourth embodiment) 

[0090] Figs. 1 1 and 1 2 show structures of internal combustion engines according to 
modification examples of the fourth embodiment. Fig. 1 1 A shows a structure in which 
a ring-side circular groove 1 5 in the shape of V in cross section is formed in the inner 
periphery of a liner installation ring 9, and a circular groove is not formed in a piston 3. 

. , Fig. 1 I B shows a structure in which a piston-side circulac^gfooye.l 6 in. the shape of V in 
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cross section is formed in a top land portion 8 of a piston 3, and a circular groove is not 
formed in a liner installation ring 9. Fig. 1 2 shows a structure in which circular grooves 
1 5 and 16 in the shape of V in cross section are formed in a top land portion 8 of a 
piston 3 and a liner installation ring 9, respectively. In addition, a piston-side circular 
groove 1 6a in the shape of V in cross section is formed in a second land portion of the 
piston 3. It is preferable that the inclination of the bottom face of the piston-side 
circular groove 1 6a in the second land portion be 1 5 to 45 degrees with respect to the 
axis of a piston, as in the case of that in the top land portion. In either of the foregoing 
structures, oil escapes into the groove when the piston ascends, so that it is possible to 
further restrain the ascent of the oil into a combustion chamber. 
[0091] (Supplemental items of the embodiments) 

[0092] The present invention has been described above with reference to the foregoing 
embodiments, but the technical scope of the present invention is not limited to the. 
foregoing embodiments. In the first and second embodiments, for example, the 
grooves may be have a rectangle or semicircle shape in cross section. Otherwise, the 
projection or the tapered surface of the notch may be curved. 

[0093] In the fourth embodiment, the cross section of the ring-side circular groove and 
the piston-side circular groove is not limited to the shape of V, and may be in the shape 
of a semicircle, a rectangle, a rotated U, or the like (illustration is omitted in either case). 
It is preferable, however, that the ring-side circular groove and the piston-side circular 
groove be in the shape of V in cross section to obtain the further superior trapping 
effect. 

[0094] Furthermore, the position of the piston-side circular groove according to the fourth 
embodiment is not limited to the position opposite to the ring-side circular groove at 
the top dead center^of the piston^ . For example, the piston-side.iCiiicular> groove may be 
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positioned below the liner installation ring at the top dead center of the piston. 
[0095] Furthermore, also in the first to third embodiments, the piston-side circular groove 

may be provided in the second land portion of the piston in order to further restrain the 

ascent of the oil into the combustion chamber, 
industrial Applicability 

[0096] The present invention is suitable for restraining oil consumption due to the 
scattering of oil into a combustion chamber in an internal combustion engine having a 
liner installation ring. 



STLDOl -1226093-1 




